Summary: Bone samples from the iliac crest were taken from 20 subjects and the content of some trace elements (iron, zinc, selenium, cobalt, Strontium, aluminium, scandium, rubidium and fluorine) and of the matrix elements calcium, phosphorus and sodium was determined. The samples were taken in accordance with Burkhardfs method, which is often used in hospital for bone biopsies. The sources of errors occurring during the analysis of trace elements using this clinical procedure and the contamination of the samples by blood and the surrounding tissue are discussed. In-vivo activation analysis is also discussed äs an alternative method of element analysis of the skeleton.
Introduction
Reference was recently made to the significance of the storage of elements in bone tissue and their mobilisation from the skeleton (l, 2). Three aspects were mentioned: 1) Homeostatic functions of bone tissue in the metabolism of the trace elements.
2) The bone äs an iiiternal source of trace elements in the course of pathological (e.g. rickets, dialysis) and physiological (old age, pregnancy) changes in the bone mass or composition.
3) The possible role of trace elements in the synthesis and calcification of bone tissue.
However, no Standard method for the analysis of trace elements in bone has yet been developed äs is the case with the analysis of blood components or other tissues. We became aware of this need whilst investigating the influence of long term dialysis on trace element metabolism.
. A Standard method for trace element analysis must consider the homogeneity of the samples, contamination by e.g. tools or Chemicals and, especially with biological samples, contamination by adjacent tissue or by blood. Behne (3) recently summarized the possible sources of error. In this study we investigated the applicability of the bone biopsy method according to , commonly used in hospitals, for the trace element analysis of bone.
The bone biopsy taken from the iliac crest to determine a nümber of histological parameters connected with various diseases (osteoporosis, renal osteopathy) is an obvious choice for the source of material for the additional element analysis. The mass of the biopsy obtained using Burkhardfs method is sufficient for trace element analysis even after half has been taken for histological and cytological investigations. When the cortical substance which is thin in this area has been removed, the Tab. la. Contents of some matrix elements in bone measuied by neutron activation analysis and other arialytical methods.
Bone
Tissue*) Reference mass**) Matrix elements (fraction X 100) Ca P Na A Separation of the cortical from the spongy part is necessary because the trace element content of spongy bone is generally higher than in the compacta. (With fluorine the ratio is 3:1 (20)). A combined analysis of both parts would thus reflect the mass ratio spongiosa/ compacta.
Additionally, the element content of bone marrow is of interest, because this tissue represents an important source of contamination for the adjacent bone.
We could find no Information about the trace element content of bone marrow in the literature.
The elements investigated were Umited by the analytical method used, namely instrumental neutron activation analysis. In addition to the trace elements iron, zinc, selenium, cobalt, Strontium, aluminium, scandium, rubidium and fluorine, the contents of the matrix elements, calcium, phqsphorus and sodium were determined in bone.
With neutron activation analysis, which is normally top complicated and time-consuming för clinical analysis, no preparation of the bone sample whätsoever (e.g. dissolving or decomposition) is necessary. Since a number of systematic errors in sampling can be excluded when neutron activation analysis is used it has frequently been applied äs a feference method.
This analytical method would therefore seem to be suitable for the problem under investigation.
Studies on trace elements in bone have been carried out in the past. The wide ränge of values can certainly not be explained solely by errors in method in the actual analysis, but is also due to the fact that the samples were taken from different parts of the bone (ratio spongiosa/compacta) and to different methods of preparation (e.g. unsatisfactory removal of marrow). This shows how important it is, for the purpose of comparison, to adhere to one method of preparatipn and to one specific sampling area, which must be defined äs clearly äs possible.
Materials and Methods
Post mortem samples were taken approximately l day after death from 20 perspns (11 male, 9 female) in Klinikum Steglitz, Universität Berlin. All had been suffering from diseases which were assumed tö have nö effect on the bone. ) and extraction forceps. The composition of the hollow milling cutter and the forceps material, äs given by the manufacturers can be found in table 2. Immediately after the samples were taken they were fixed äs usual in Carnoy's solution for 4 hours. (0.75 l ethanol, 0.13 l Chloroform, 0.13 l glacial acetic acid) and were then stored in polyethylene vials filled with 700 ml/l ethanol. As in the case of the biopsies that we investigated, the cylindrical sample was cut in half down the middle. The blade of the saw used was made of bronze and set with diamonds. The samples were then extracted with ether in a Soxhlet apparatus for six hours and subsequently dried at 60 °C for 24 hours. The part of the marrow which was not soluble in ether could easily be removed under the microscope using a fine brush. This part was collected from 3 persons and analysed in the same way. The samples were fürst sealed in polyethylene foil and irradiated in the reactor BERII with the help of a fast pneumatic transfer System at a neutron flux of 2 X l O 13 cm" 2 s" 1 for 20 seconds. This treatment served for the analysis of calcium, phosphorus, aluminium, fluorine and sodium, using element Standards. Details of the measurement of F, Ca and Na are published in I.e. (20) and of phosphorus and aluminium in I.e. (21) . After a decay time of only a few days the samples were then sealed in highly pure silica ampoules, activated in the reactor FR 2 in Karlsruhe at a thermal neutron flux density of 5 · l O 13 cm" 2 s' 1 for 10 days and after a decay period of approximately 3 months the element contents were assessed according to the relative method using the Standards Bovine Liver ' (NBS 1577), Orchard Leaves (NBS 1571) and Bowens Kaie (measuring time 2 hours). The samples remained in the closed silica ampoules while the gamma spectra were being measured. 
Results
The arithmetic mean values of the trace element contents in the iliac crest of the 20 persons examined are listed in table 3. This table also includes the Standard deviations of the contents of the individual subjects for the discussion of intra-individual distribution. The phosphorus and aluminium contents have already been published in I.e. (21) . In 2 samples with the section numbers 264 and 266 an attempt was made to determine the rubidium contents via a long-term measurement (measuring time: 3 days). In both samples the content was below the detection limit of 40 /kg (See "Discussion" on the significance of rubidium äs a "scout" element for blood in bone). Table 4 contains the mean values, the Standard devia-• tions, the medians and the percentiles for the samples investigated. By way of comparison, mrcolutnri 6, the precision of the neutron activation method is given (Standard deviation of the arithmetic mean value of 10 identical samples). For the discussion, colümn 13 shows the relative content of the element in the mineral, taken froml.c. (1). Table 5 shows the results of the meäsurements of the trace elements in bone marrow. 
Tab. 4. Arithmetic mean values and medians of element contents in bone (crista iliaca) (All samples

Discussion
It was not the aim of this study to investigate the suitability of a particular analytical method for the detection of matrix and trace elements in bone. The accuracy of the method described above has been tested by an intercomparison of the IAEA (23) and proved to be satisfactory.
In The ränge of values within one individual naturally mirrors all influences on the method of determination, such äs sample inhomogeneity, contamination and element loss, and the variations caused by the analytical process itself.
Sample inhomogeneity Approximately half of the fat-free, dry sample consists of collagen-N and mucopolysaccharide (43% by weight), the remaining 57% being the mineral material (22) .
Variations in the contents could be explained if the ratio of the organic to the inorganic part fluctuated, since some of the elements are contained almost exclusively in the mineral part (column 13 in tab. 4). The mineral part of the investigated samples is, however, very constant. The scatter of the calcium contents can be considered äs representative for the scatter of the mineral part; this is only 4.4%. The mean Ca/P ratio measured is 2.17 ( = 0.17, n = 10) and thus corresponds approximately to that of hydroxyapatite (Ca/P -2.15), whereas calcium phosphate has a Ca/P ratio of 1.94. If one assumes hydroxyapatite to be the composition of the mineral phase, the investigated bones contained on average 54% mineral material. It is interesting to note that, with the exception of fluorine, those elements contained t o the extent of almost 100% in the mineral (Ca, Na, Sr, Zn), do not show such a wide ränge of intraindividual distribution, compäred with those which are also contained in larger proportions in the organic phase (Co, Fe, Sc, Se). With the exception of iron, these are also, höwever, the elements with the lowest contents. The special role of iron will be discussed later. Surprisüigly, the distribution of fluorine is rather inhomogeneous (mean Standard deviation of the F/Ca ratio from . .20 persons rsdi = 25 %).
External contamination An important source of contamination, especially with solid samples, is the tools which are used in sampling. Of those elemerits investigated here the hollow mflling cutter, the extraction forceps and the blade of the diamond saw only contain the element iron in larger amounts (hollow milling cutter and forceps, tab. 2). The possibility of contamination with this element cannot, therefore, be excluded. The chromium in the tools, which represents 17-18% (Fe/Cr ratio 5:1), was not found, höwever, in any of the samples (detection limit 1 for chromium about l mg/kg). Contamination with iron is, therefore, smaller than 5 mg/kg with a mean iron content of 183 mg/kg.
Internal contamination
Here the main sources of contamination are blood and bone marrow.
In figure l it can be seen that 4 of the elements investigated are present in total blood in a higher concentration than in bone. The content ratio is 11 for iron, 5 for selenium, 2.6 for sodium and greater than 225 for rubidium. No Information is available in the literature on the residual blood content of the bone. In I.e. (7) the blood ; content of bone in the living organism is given at about 0.05 ml of blood per gramm of bone mass. If the losses due to drying are taken into account this leaves a mass ratio of about 1% of blood in the bone. We suggest, that rubidium is a suitable "scout" element for the determination of the proportion of blood in the bone because of the large content ratio. The limit of detection for rubidium in bone using our method is 40 Mg/kg. As the rubidium content in the dry total blood is about 9 mg/kg, the mass ratio blood/bone is less than about 0.4%. With , a mean bone iron content of 183 rng/kg this would " represent a contamination by iron in the blood corresponding to less than 8.7 mg/kg.
All the trace elements found in the fat-free, dry bone marrow (AI, Rb and Sc were not detected in marrow) were present in larger contents than in the bone ( fig. 1 ). The content ratios are: 11.3 for iron, 1.8 for zinc, 3.8 for selenium, 3.0 for cobalt and 2.3 for Strontium. This shovvs the great importance of the blood marrow äs a source of contamination in the analysis of trace elements in bone. As rubidium was not found in the marrow (detection limit 4 mg/kg) it cannot, äs with blood, be used äs an indicator. It is not possible therefore despite the careful removal of the marrow, to ignore the fact that at least the value given for the iron content in bone might be too high.
Inter-individual distribution
A comparison of the arithmetic mean value (tab. 4, column 3) and the median (column 7) shows a symmetrical distribution with a small Standard deviation for the three matrix elements Ca, P and Na. For the element fluorine the well-known unsymmetrical distribution tending towards higher contents was found (arithmetic mean value 626 mg/kg, median 452 mg/kg). Of all the elements investigated fluorine has the widest ränge of values. The distribution for the contents of the elements AI, Fe, Se, Sc, Sr and Zn is also more or less symmetrl· cal, whereas the irregulär distribution of the cobalt contents, on the other hand, is associated with a wide ränge of values and indicates a hitherto unknown source of contamination.
Comparison with element determination using in-vivo activation analysis
Mainly because of the unknown ratio of trabecular to compact bone a bone biopsy is only to a limited degree representative of the whole skeleton äs f ar äs the element content is concerned, even when the choice of the sampling spot is reproducible. Moreover the patient suffers such discomfort äs a result of the method of sampling that a biopsy which is taken solely in the interest of determining the element content is certainly not a justifiable diagnostic measure when one considers the present state of the knowledge of trace element metabolism.
On the other hand a number of elements can be determined with the help of total or part body in-vivo neutron activation analysis, the radiation dose which the patient receives being about l rem.
A list of applications of this method can be found in I.e. (18, 19) . Could in-vivo neutron activation analysis be used to measure the total amount of matrix or trace elements in the skeleton? As far äs trace elements are concerned the detection limit of the total body in-vivo method is much too high if the radiation dose is kept at an acceptable level.
The following matrix-elements were determined by total body measurements:
Oxygen, hydrogen, nitrogen, calcium, phosphorus, sodium, potassiurn and magnesium. The in-vivo methods do not, however, discriminäte between the element content of bone (which is of interest to us here) and that in other tissue and blood. Whereas with an error of only a few percent the calcium mass of the whole body can be equated with that in the bone, this does not apply to phosphorus, and it is not in the least valid for the other elements. With a biopsy the reference mass -the fat-free, dry bone -can be clearly defmed, so that it is possible to obtain Information on the element content but not on the mass of the element in the total bone. The in vivo analysis provides the total amount of the calcium in the bone; but it does not reveal the average calcium content of the bone, because the reference mass cannot be determined. In a number of diseases (osteomalacy, renal osteopathy) it is precisely the calcium and phosphorus contents which change. Tö date no comparison has been rhäde of the operative risk involved in biopsy sampling with radiation darnage after a whole body dose of l rem.
Bone Marrow
No measurements of trace element contents in bone marrow have so far been püblished. The investigation of trace elements in the marrow would appear to be worthwhile, in order to determine the role of trace elements in the important double function of the marrow äs haemotopoietic tissue and äs the site of osteogenesis.
Marrow itself is a very complex matrix: The propörtion of red and yellow marrow is dependent on age and varies froin bone to bone. In the iliac crest the proportion of red marrow is about 40% in persons between the age of 40 and 70 years. Whereas about 80-85% öf the yellow marrow consists of fat and 15% of water, the red marrow contains in addition to 4% water, and 40% fat about 20% protein (7), äs well äs erythrocytes, mainly granulocytes and also lymphocytes and other haemic cells. The contents we measured are related to fat-free, dry marrow and are the mean values of 3 persons (tab. 5). Iron and selenium which have an important function in the haemic cells, are present in the marrow in the same concentration äs in the total blood.
Co and Sr are enriched to a very high degree compäf ed with their contents in blood and bone ( fig. 1 ), the content ratio marrow/total blood being 70 for cobalt and 1200 for Strontium. These findings could lead to a practical application in the estimation of the radiation bürden of marrow through 60 Co and 90 Sr.
The matrix elements of the bone, Ca, P andalso fluorine are in fact present in smäller amounts than in the bone but are extremely enriched compared with the contents in the plasma: (content ratio märrow/plasrna in brackets)Ca(87),P(45),F(200).
